Steel Industry’s Global Warming Measures and Sectoral Approaches by 小島 彰 & Science & Technology Foresight Center
Q U A R T E R L Y  R E V I E W  N o . 3 3  /  O c t o b e r  2 0 0 9
55
Introduction
   The five-year first commitment period started 
in 2008 under the Kyoto Protocol for the United 
Nations Framework Convention on Climate 
Change, which was signed in 1996 and took effect 
in 2005. According to Japan’s Kyoto Protocol 
Target Achievement Plan that was revised wholly 
on March 28, 2008, the nation’s GHG emissions 
in FY 2005 increased by 7.7% from the standard 
year of FY 1990.[1] Even if forests’ CO2 absorption 
and the Kyoto Protocol’s CDM[NOTE1] and Joint 
Implementation mechanisms are exploited, the 
government states that Japan will have to reduce 
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emissions in FY 2010 by 0.8-1.8% from the standard 
year (Figure 1).
   Japan’s CO2 emissions are shown in Figure 2. CO2 
emissions have declined in the industrial sector while 
increasing in the transportation, commercial and 
household sectors. Japan’s overall CO2 emissions have 
expanded. A major challenge for Japan is to reduce 
emissions in emission-expanding sectors. 
   Emissions in the industrial sector (covering 
the energy conversion and industrial sectors) are 
shown in Figure 3. The steel industry accounts for 
as much as 44%[2] of the industrial sector’s total 
GHG emissions. Therefore, the steel industry’s 
GHG emission reduction is significant for Japan’s 
emission-cutting measures. 
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GHG Emission Outlook toward 2010 
CO2 emissions (in millions of tons) 
  Emissions: million tons in CO2 
  Standard year    Up 7.7%         Emission cut: -0.8-1.8% from standard year 
                            Exploitation of forest absorption and Kyoto mechanisms 
                            Reduction target: -6% from standard year 
                                                                (FY) 
Prepared by the STFC based on Reference1] 
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GHG Emission Outlook toward 2010
CO2 emissions (in millions of tons)
Emissions: million tons in CO2
Standard year
Up 7.7%
Exploitation of forest absorption and 
Kyoto mechanisms
Emission cut: -0.8-1.8% from 
standard year
R e d u c t i o n 
target: -6% from 
standard year
 (FY)
[NOTE 1] 
The Clean Development Mechanism (CDM) is designed to provide entities cooperating in GHG emission 
reductions in developing countries with emission credits meeting the reductions.
Figure 1 :  Emission Outlook in Government’s Kyoto Protocol Target Achievement Plan
Prepared by the STFC based on Reference[1]
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Steel  Product ion and GHG 
Emissions 
   The integrated steelmaking process to make steel 
materials from iron ore includes the generation 
of metallic iron through the reduction reaction, 
rolling and heat treatment steps, and the production 
of various steel products. The iron ore reduction 
reaction is indicated as 2Fe2O3+3C → 4Fe+3CO2 
generating CO2. The reduction reaction alone emits 
0.59 ton of CO2 per ton of steel output. In fact, 
however, the iron content of iron ore is limited to 
some 60%. Therefore, heat sources are required 
to melt iron ore including non-iron components 
and promote the reduction reaction. Furthermore, 
refining, processing and other steps are required for 
turning out steel products. Given fuel consumption 
on heating for these steps, CO2 emissions per ton of 
steel products come to about 2 tons.
   For real steel production, scrap iron is used 
substantially. In Japan, scrap iron accounts for 42% 
of materials for crude steel production (in 2007). 
Scrap iron is a precious iron material. An expansion 
in scrap iron’s share of steelmaking materials can 
effectively contribute to reducing CO2 emissions. 
But scrap iron output depends on regional steel 
accumulations and steel-processing industries. 
Impure substances contained in scrap iron  becomes 
constraints on scrap iron uses. For automobile steel 
sheets, seamless steel pipes and other advanced 
steel products that Japanese steelmakers are good at 
producing, the materials standards are very tough. 
Scrap iron used for these products is limited.
   Steel has been widely used as a basic material 
to support people’s living and economic activities 
at home and abroad. Without steel, modern life 
cannot stand. Demand for the steel has increased in 
proportion to an expansion in economic operations 
in the world.
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Figure 4 Steel Production in Major Countries 
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Figure 2 :  Sector-by-Sector Energy-based CO2 Emission Outlook
Prepared by the STFC based on Reference[1]
Figure 3 :  Energy Conversion/Industrial Sector CO2 Emission Share
Prepared by the STFC based on Reference[2]
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   Recent steel production in major countries is 
indicated in Figure 4.[3] Since 2000, steel production 
has increased globally on economic development 
main ly in the so -cal led BR ICs count r ies. 
Particularly, China’s explosive steel production 
expansion has attracted attention. China’s recent 
annual expansion of 50 million tons in steel output 
could have required five of the representative 
integrated steel plants seen in Japan to be built in 
one year.
Kyoto Protocol and Sectoral 
Approaches 
   Since the Kyoto Protocol was signed, the situation 
involving GHG emissions has changed greatly. 
The United States as the world’s largest GHG 
emitter pulled out of the Kyoto Protocol in 1998. 
China and other emerging countries have increased 
GHG emissions sharply, these have expanded the 
gap between countries subject to numerical GHG 
emission reduction targets and others. As shown in 
Figure 5, the 192 nations that have ratified the U.N. 
Framework Convention on Climate Change include 
the 39 countries that are specified in Annex I as 
subject to binding numerical commitments. 
   The United States as the world’s largest GHG 
emitter and China which has been expanding steel 
production are left out of the numerical regulations. 
CO2 emissions in the countries subject to the 
numerical targets accounted for an estimated 28% 
of global emissions in 2005.[5] While those are 
subject to numerical regulations, other countries 
accounting for 72% remain unregulated and are left 
to expand emissions. Under such situation, global 
emissions cannot be expected to decline. Numerical 
regulations that fail to cover very inf luential 
countries are described as less effective and unfair.
   China and other countries that are left out of GHG 
emission regulations have been expanding their 
share of global steel production and steelmaking-
related GHG emissions. The effects of GHG 
emission reduction measures in which these 
countries do not participate may be limited. Steel is 
traded widely in the world, as indicated by Table 1. 
Some countries shoulder costs for GHG emission 
reductions involving steelmaking, while others 
are free from such costs. Such situation could 
distort world steel trade. Countries with less GHG 
emission regulations may expand steel production in 
accordance with competitive condition gaps, leading 
to an increase in global GHG emissions. Such 
phenomenon is called as carbon leakage.
   Carbon leakage is a problem with the carbon 
cap-and-trade system[NOTE2] planned under the 
Kyoto Protocol. This would be a major institutional 
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Figure 4 :  Steel Production in Major Countries
Prepared by the STFC based on Reference[3]
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problem if countries subject to numerical regulations 
account for a small por t ion of global GHG 
emissions.
   In order to solve the problem, steelmaking, thermal 
power generation, cement production and other 
major GHG-emitting industrial sectors may diffuse 
best available technologies through international 
cooperation to reduce specific GHG emissions on a 
global basis. Interests for such sectoral approaches 
are growing.
   Sectoral approaches are designed to adopt 
advanced energy conservation and environmental 
technologies for GHG emission cuts in specific 
industr ial sectors globally to reduce global 
emissions while avoiding the carbon leakage. At the 
G8 Hokkaido Toyako Summit in 2008, Japanese 
Prime Minister Yasuo Fukuda proposed the sectoral 
approaches. Japan has also proposed the approaches 
at international conferences on global warming. The 
sectoral approaches are realistic, emphasizing the 
diffusion of best available technologies. The global 
diffusion of available environmental and energy 
conservation technologies will work to promote 
technology development not only in industrial 
countries but also throughout the entire world. In 
the steelmaking sector, the World Steel Association 
comprising major steelmakers in the world is 
moving ahead with a sectoral approach. This will 
serve as a useful model for other sectors.
   Before looking into details of the sectoral 
approaches, the next chapter introduces relevant efforts 
that the Japanese steel industry has tackled so far.
U.N. Framework Convention on Climate Change ratifiers (192 countries and regions)
Kyoto Protocol ratifiers (183 countries and regions)
UNFCCC Annex I countries 
(39 countries and regions)
2 5  EU  c o u n t r i e s ,  C a n a d a ,  I c e l a n d , 
Japan, Australia, New Zealand, Norway, 
Swi t zer land, Russ ia,  Ukra ine,  Czech 
Non-Annex I countries
South Korea, Mexico, Egypt, Saudi Arabia, 
two EU countries (Cyprus and Malta), China, 
India, Brazil, Argentine, etc
Bound            Non-bound
Countries not yet to ratify Kyoto Protocol (9 countries)
UNFCCC Annex I countries (2 countries)
U.S., Turkey
Non-Annex I countries (7 countries)
Afghanistan, Kazakhstan, Chad, Tajikistan, 
San Marino, etc.
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[NOTE 2] 
The cap-and-trade system sets country-by-country GHG emission goals and allows countries to trade in 
emission credits and take advantage of emission cuts through cooperation with developing countries and 
joint implementation of projects to achieve their respective goals.
Country China Japan 25 EU countries Russia Ukraine Germany Belgium* France
South 
Korea
Exports 51.7 34.6 32.4 ** 31.5 30.6 29.2 24.6 18.8 18.0
* Covering exports from Belgium and Luxembourg
** Excluding trade between the 25 EU countries
Figure 5 : Structure of Kyoto Protocol
Prepared by the STFC based on Reference[4]
Table 1 : Steel Exports from Major Countries (2007)
Prepared by the STFC based on Reference[3]
unit : Mt
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Japanese Steel industry's CO2 
Emission Reduction Efforts 
   In 1996, the Japan Business Federation, known 
as Nippon Keidanren, drew up a voluntary 
environmental action plan in which 29 industrial 
sectors participated (the number has increased to 
36). In the steel industry, the Japan Iron and Steel 
Federation worked out a voluntary action plan . 
Each industry's voluntary action plan is positioned 
as important measures in the government's Kyoto 
Protocol Target Achievement Plan. Progress in 
each industry is examined at government advisory 
panels.
    Following are details of the Japanese steel 
industry’s voluntary action plan[6]:
(1) Energy conservation efforts for steelmaking 
processes
・ On the assumption of annual crude steel 
production at 100 million tons, steelmakers will 
reduce energy consumption on steelmaking 
processes in FY 2010 by 10% from the standard 
year of FY 1990.
・ Even if annual crude steel production exceeds 
100 million tons, steelmakers will make efforts 
to achieve the target by taking advantage of the 
Kyoto mechanism.
・ The above target should be achieved as a five-
year average for FY 2008-2012.
(2) Contributions to energy conservation in 
society
・ The industry will effectively utilize 1 million 
tons in exhaust plastics on the assumption of the 
development of a relevant collection system.
・ Steelmakers will use products and byproducts for 
contributing to energy conservation in society.
・  Steelmakers wil l  cont r ibute to energy 
conservation through international technology 
cooperation.
・ Steelmakers will make efforts with neighboring 
communities for using untapped energy sources.
・ Steelmakers will enhance emission reduction 
ef for t s  in  com mercial ,  resident ia l  and 
transportation activities.
(3) Innovative technology development efforts
・ Steelmakers will try to develop technology to 
separate and collect CO2 from blast furnace gas.
・ Steelmakers will try to develop technology to 
use hydrogen reformed from coke ovens for 
reducing iron ore.
   The Japan Iron and Steel Federation's 10% energy 
consumption reduction target roughly amounts to 
a 9% CO2 emission reduction target. According to 
data released by the federation in October 2008, CO2 
emissions in FY 2007 (from April 2007 to March 
2008) posted a 1.8% drop from FY 1990. While 
crude steel production increased by 8.9% from 112 
million tons to 122 million tons, the industry lowered 
specific energy consumption (energy input per unit 
of steel production) to achieve the net CO2 emission 
cut.
   The Japanese steel industry plans to achieve the 
10% energy consumption reduction target for FY 
2010 by stepping up energy conservation. The 
industry is considering utilizing the reduction of 
CO2 emissions from the steelmaking processes and 
the Clean Development Mechanism under the Kyoto 
Protocol to achieve its CO2 emission reduction target.
Energy Conservation in Each 
Steel Production Process 
   Energy conservation measures in the steel industry 
reduced energy consumption in FY 2007 by 290 
PJ (petajoules) from FY 1990 while a crude steel 
production increase worked to boost consumption by 
222 PJ. As a result, the industry's energy consumption 
in FY 2007 came to 2,458 PJ against 2,527 PJ in FY 
1990.
   Energy conservation in each steel production process 
was specified in the above-mentioned federation 
data released in July 2008.[7] The data indicate that 
steady energy conservation efforts in each process 
have been accumulated to achieve energy efficiency 
improvements.
   Specifically, energy consumption in FY 2006 
was cut by 111 PJ (29.4%) from FY 1990 through 
operational improvements to cut consumption of 
electricity, high-pressure air, steam and fuels, by 
101 PJ (26.8%) through equipment-related energy 
efficiency improvements such as the installation 
of more efficient burners and the enhancement of 
4
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efficiency for private electric power generaters and 
oxygen compressors, by 47 PJ (12.5%) through coke 
dry quenching (CDQ),[NOTE3] the introduction of top-
pressure recovery turbines (TRTs)[NOTE4] and enhanced 
recovery of waste energy including byproduct gases 
and steam, and by 25 PJ (6.6%) through production 
process rationalization/continuation including direct 
rolling. Furthermore, the effective utilization of 
exhaust plastics worked to reduce energy consumption 
by 14 PJ (3.7%) (Table 2).
   Figure 6 indicates energy consumption for steel 
production in Japan. Since energy consumption 
depends heavily on steel production volume, specific 
energy consumption (energy input per unit of steel 
production) can better reflect energy conservation 
efforts. As indicated in Figure 7, the steel industry’s 
specific energy consumption stood at 89.5 in FY 2007 
against 100 for FY 1990, posting a substantial decline.
   It is noteworthy that the Japanese steel industry 
achieved the results in the period by accumulating 
various efforts. This is because the Japanese industry's 
specific energy consumption in 1990 was already the 
lowest in the world.
   The Japanese steel industry has featured the 
maximum utilization of resources and energy. After 
World War II, Yataro Nishiyama, the first president 
of Kawasaki Steel Corp. (that has been taken over by 
JFE Steel Corp.), built an integrated coastal steel work 
FY 1990 energy consumption (PJ: petajoule) 2,527 Percentage change
FY 2006 energy consumption 2,394
FY 2006 (Change from FY 1990) -133 -5.2%
Decline
Waste energy recovery -47 -1.9%
Enhancement of equipment efficiency -101 -4.0%
Production process rationalization/continuation -25 -1.0%
Operational improvements -111 -4.4%
Effective utilization of waste plastics -14 -0.6%
Other energy conservation measures -80 -3.2%
Subtotal -377 -14.9%
Increase
Expansion of added values products 50 2.0%
Enhancement of environmental measures 14 0.6%
Recycling by-products and resources   8 0.3%
Decline in quality of iron ore and other materials 95 3.8%
Aging equipments 18 0.7%
Other energy consumption-increasing factors 16 0.6%
Subtotal 201 8.0%
Table 2 : Factor-by-Factor Breakdown of Energy Consumption Decline and Increase
Prepared by the STFC based on Reference[7]
[NOTE 3] 
The CDQ (coke dry quenching) system quenches glowing coke with inert gas and collects steam with 
high-temperature gas to generate electricity.
[NOTE 4] 
The TRT (top-pressure recovery turbine) reduces pressure on the blast furnace at its top and utilizes a 
pressure gap to generate electricity.
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in Chiba. Since its successful operation, the Japanese 
industry has developed with many coastal steel 
works constructed. The key word for the industry in 
resources-poor Japan has been the maximum effective 
utilization of precious materials from abroad. The 
Japanese steel industry grew even more conscious of 
resources savings upon the 1973 oil crisis. When the 
second oil crisis in 1980 led to resources price spikes, 
the industry further enhanced energy conservation 
efforts to reform its structure. Energy conservation 
and GHG emission reductions are two sides of the 
same coin. In this sense, the Japanese steel industry 
has tackled the GHG problem since the 1970s. As a 
result of various efforts, the Japanese steel industry's 
specific energy consumption is lower than other 
countries, as indicated in Figure 8.[8]
    In line with the fall in energy consumption for steel 
production, energy-based CO2 emissions per unit steel 
output have declined, as indicated in Figure 9.
factors   
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Figur  6 Changes in Steel industry’s Energy Consumption 
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Figure 7 Changes in Specific Energy Consumption for Steel Production (100 for FY 1990) 
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Figure 6 Changes in Steel industry’s Energy Consumption 
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Figure 7 Changes in Specific Energy Consumption for Steel Production (100 for FY 1990) 
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Figure 8 Comparison of Specific Energy Consumption for Steel Production (integrated blast furnace 
steelmaking processes) in Major Countries in 2000 (100 for Japan) 
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Figure 9 Changes in Energy-based CO2 Emissions per Unit of Steel Output (100 for FY 1990) 
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Figure 6 : Changes in Steel industry’s Energy Consumption
Prepared by the STFC based on Reference[6]
Figure 7 : Changes in Specific Energy Consumption for Steel Production 
(100 for FY 1990)
Prepared by the STFC based on Reference[6]
Figure 8 : Comparison of Specific Energy Consumption for Steel Production 
(integrated blast furnace steelmaking processes) in Major Countries 
in 2000 (100 for Japan)
Prepared by the STFC based on Reference[8]
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Japanese Steel industry's Future 
Measures 
   The Japanese steel industry has continuously 
been considering energy conservation and emission 
reduction measures toward 2010. According to the 
above information from the Japan Iron and Steel 
Federation, the industry is considering production 
process operation improvements including lower 
reducing agent rates for blast furnaces and enhanced 
controls on temperatures in steel processing; the 
enhancement of waste energy recovery including 
the expansion of TRTs, the introduction of CDQ 
equipments, the expansion of gas recovery and 
the recovery of heat from converters; equipment 
efficiency improvements including the introduction of 
more efficient oxygen equipments, the enhancement 
of private electric power generaters and motor 
efficiency, and the refurbishment of sintering plants, 
blast furnaces, blast and air-heating furnaces; and the 
expansion of exhaust plastics-hot stoves equipments. 
As of March 2007, the TRT diffusion rate reached 
100%. The CDQ equipment diffusion rate stood at 
85% then and is expected to reach 93% in March 
2010.
   These measures now under consideration are 
estimated to reduce energy consumption in 2010 by 
3.2% from 1990. As of October 2007, about 65% of 
these measures were funded.
   The Japanese steel industry has positioned the 
acquisition of emission credits under the Kyoto 
Mechanism as an auxiliary means to achieve its 
emission reduction target, promoting technological 
assistance for overseas steel industry energy 
conservation projects including CDQ exhaust heat 
recovery in China and sintering furnace exhaust heat 
recovery in the Philippines, as well as CDM projects 
including a chlorofluorocarbon disposal project in 
China.[6] The Japanese steel industry has purchased 59 
million tons (11.8 million tons per year) of emission 
credits, including 41 million tons (8.2 million tons per 
year) registered at the U.N. CDM Executive Board. 
The purchases totaling 59 million tons amount to 5.7% 
of CO2 emissions in 1990 and the registered 41 million 
tons to 4.0%.
   The steel industry is attempting and will continue 
efforts to substantially reduce specific energy 
consumption with energy conservation technologies. 
Development of  Innovat ive 
Technologies to Further Reduce 
Emissions 
   The improvement and diffusion of best available 
technologies are expected to be effective as short-
term measures to reduce CO2 emissions in the 
steel industry. Since their effects come close to 
the limits, however, the industry will have to 
develop fundamentally innovative technologies for 
steelmaking processes in a long run.
   The Japanese steel industry’s voluntary action plan 
specifies (1) technology for separation and recovery 
of CO2 from blast furnace gases and (2) technology 
for reduction of iron ore using hydrogen reformed 
from coke oven gas. Based on recent developments, 
the author would like to introduce the COURSE 50 
(CO2 Ultimate Reduction in Steelmaking Process 
by Innovative Technologies for Cool Earth 50) 
project launched in FY 2008 for the development 
Figure 8 Comparison of Specific Energy Consumption for Steel Production (integrated blast furnace 
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Figure 9 Changes in Energy-based O2 Emissions per Unit of Steel Output (100 for FY 1990) 
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Figure 9 : Changes in Energy-based CO2 Emissions per Unit of Steel 
Output (100 for FY 1990)
Prepared by the STFC based on Reference[6]
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of innovative steelmaking process technologies and 
the SCOPE (Super Coke Oven for Productivity and 
Environment) 21 project under which a real coke oven 
was developed in 2008.
    As steelmakers are required by customers to secure 
high reliability of products, their production process 
replacement usually takes a long time. Therefore, 
innovative technology development takes a long 
time. The Japanese steel industry has successfully 
developed the SCOPE 21 coke oven as explained 
below, attracting attention throughout the world.
(1) COURSE 50 (CO2 Ultimate Reduction 
in Steelmaking Process by Innovative 
Technologies for Cool Earth 50) Project
   This project is a component of the government's 
Cool Earth 50 Program and started in FY 2008 to 
develop innovative steelmaking process technologies 
to reduce CO2 emissions (Figure 10). These 
technologies will increase hydrogen in coke oven gas, 
use hydrogen for the iron ore reduction process and 
separate CO2. These technologies will be combined 
with the CCS (CO2 capture and storage) technology to 
reduce CO2 emissions in steelmaking processes. The 
first phase of the project is planned to take five years. 
The project is designed to establish these technologies 
by 2030 through research and development efforts in 
and after the second phase. These technologies are 
expected to cut CO2 emissions by 30% when they are 
put into practical use after 2030.
   As well as Japanese steelmakers, their foreign 
counterparts are developing innovative technologies 
for steelmaking processes. They are considering 
information and technology exchanges through the 
World Steel Association, planning globally effective 
technology development.
(2) SCOPE (Super Coke Oven for Productivity 
and Environment) 21 Project
   The SCOPE 21 project was implemented from 1996 
to 2005 with support from the Ministry of Economy, 
Trade and Industry to develop technology to heat coal 
rapidly for enhancing the fusibility of materials, for 
making coke ovens more compact, for conserving 
energy and for raising productivity 2.4 times and the 
blending ratio of non-coking or slightly coking coal 
from 20% to 50% (Figure 11). Based on technology 
development achievements over the 10 years, a real 
plant was completed and went on stream at Oita 
Steelworks of Nippon Steel Corp. in May 2009. The 
plant is expected to consume 21% less energy and emit 
400,000 tons less CO2 annually than a conventional 
one. 
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Figure 10 : Conceptual Illustration of COURSE 50 Innovative Steelmaking Process Technology Development Project
Source: Reference[9]
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Indirect CO2 Emission Reduction 
   Steel products are widely used as basic industrial 
materials. Higher-performance steel products can be 
used to indirectly reduce CO2 emissions in society. 
According to estimates by the Institute of Energy 
Economics, Japan, and the Japan Iron and Steel 
Federation, highly functional steel products[NOTE5] 
produced between FY 1990 and 2007 were used in 
Japan to cut 8.12 million tons in CO2 emissions in FY 
2007.
   Blast furnace cement production using slag, a 
byproduct in the steel industry, can allow the cement 
industry to skip a calcination process that emits CO2 
on calcination of limestone (CaCO3) and is required 
for conventional cement production. Blast furnace 
cement production can thus be expected to reduce 
CO2 emissions in the cement production processes. 
Blast furnace cement production is estimated to have 
worked to cut 4.39 million tons in CO2 emissions in 
the Japanese cement industry in FY 2007. If blast 
furnace cement exports (working to cut 4.72 million 
tons in emissions) are taken into account, total CO2 
emission cuts come to 9.11 million tons.
   Furthermore, the steel industry accepts exhaust 
plastics and tires as an alternative reduction agent. 
This can contribute to reducing consumption of coal-
based reduction agents to cut energy consumption and 
CO2 emissions. But exhaust plastics and tires used 
for steelmaking were limited to 450,000 tons in FY 
2005 and 370,000 tons in FY 2007. Regarding use of 
exhaust plastics under the Containers and Packaging 
Recycling Law, exhaust plastics supply to the steel 
industry is limited to 200,000 tons, far below the 
industry’s plastics processing capacity of 400,000 
tons, as local governments have not yet to establish 
exhaust plastics collection systems and collected 
exhaust plastics are massively used for material 
recycling. There are thus institutional problems to be 
solved. This is a key point for our future consideration 
of environmental problems.
   Since around 2003, Japan has considered an eco-
complex initiative to secure more effective use of 
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Figure 11 : Conceptual Illustration of SCOPE 21 Next-generation Coke-making Technology Process
Source: Reference[10]
[NOTE 5] 
Highly functional steel products include the following:
Heat-resistant steel sheets for boilers to raise steam temperatures and improve power generation 
efficiency; high-tensile steel sheets for automobiles to reduce vehicle weights and improve fuel efficiency; 
high-tensile steel sheets for ships to reduce ship weights; magnetic steel sheets for transformers to 
improve electromagnetic conversion efficiency; stainless steel sheets for trains to make painting free 
from maintenance requirements and reduce weights.
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energy and reduce CO2 emissions in society through 
inter-industry cooperation in which the steel industry 
would provide low-temperature exhaust heat to other 
industries like chemical and food manufacturers and 
accept exhaust materials from other industries. But 
the initiative has not worked well due to energy safety 
nets and other problems. Its implementation is limited 
to small-scale projects including some for liquor 
producers’ use of steam from steelmakers. Japan 
should widely implement this initiative by developing 
heat transfer and storage and other technologies and 
solving social system constraints.
International Cooperation to 
Reduce Emissions 
   The Japanese steel industry has proceeded with 
international cooperation to diffuse its accumulated 
energy conservation technologies and know-how 
in the world to globally reduce CO2 emissions from 
steelmakers.
   The Japanese industry’s bilateral cooperation 
includes a July 2005 Japan-China exchange meeting 
on advanced environment and energy conservation 
technologies for steelmaking. Based on an agreement 
at the meeting, bilateral workshops have been held for 
promoting technological cooperation.
    The Asia-Pacific Partnership on Clean Development 
and Climate (APP)[NOTE6] consists of government and 
private sector representatives from Japan, China, 
India, South Korea, the United States, Australia 
and Canada to effectively promote technological 
cooperation in CO2 emission reductions in the Asia-
Pacific region.
   As the APP participant countries’ steel production 
accounts for 60% of the global total (against 40% for 
Kyoto Protocol Annex I countries), the utilization of 
energy and environment conservation technologies in 
these countries is expected to produce great effects.
    At the APP’s Steel Task Force, chaired by Japan, 
the participant countries have cooperated in compiling 
“State-of-the-Art Clean Technologies(SOACT)
Handbook,” covering steelmaking technologies 
that can contribute to reducing CO2 emissions. The 
handbook is positioned as a guideline for future 
cooperation, specifying boundary conditions for 
[NOTE 6] 
The APP represents the Asia-Pacific Partnership on Clean Development and Climate.
  1 Preliminary material processing (sintering) technologies
Sintering exhaust-gas recovery, sintering exhaust gas dust collection, activated coke filling (exhaust gas 
desulfurization and denitration), improved material supply, material adjustment, multi-slit burner, pelletizer
  2 Coke making technologies
New coke making technology (SCOPE 21), coke dry quenching (CDQ), coal moisture control (CMC)
  3 Pig iron making (blast furnace and direct reduction) technologies
Top-pressure recovery turbine (TRT), pulverized coal injection (PCI), blast furnace gas dust collection, 
pig bed dust collection, slag deodorization, direct reduction
  4 Steelmaking technologies
Automated converter operation, converter gas cooling system, converter gas heat recovery
  5 Recycling and waste reduction
Slag recycling, dust recycling system by the rotary hearth furnace
  6 Common technologies
Regeneration burner
  7 General energy conservation and environmental measurement technologies
Energy monitoring and control system, cogeneration, efficient slag utilization, hydrogen production, 
steelmaking slag carbonation
Figure 12 : Japanese-proposed Technologies Cited in SOACT Handbook
Prepared by the STFC based on Reference[11]
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application of technologies and estimated potential 
CO2 emission reductions through technological 
cooperation. Japanese experts have assessed steel 
plants in other participant countries. The SOACT 
Handbook covers a wide range of technologies for 
each steelmaking process. Japan has proposed 27 of 
the 64 environmental and energy technologies taken 
up in the handbook (see Figure 12 for Japanese-
proposed technologies).[11]
   Potential CO2 emission cuts using best available 
technologies in steelmaking have been considered 
at the APP and estimated at 127 million tons a year. 
The APP method is expected to become a sectoral 
approach model.
   The International Energy Agency (IEA) has 
estimated potential country-by-country CO2 emission 
cuts per ton of steel output through the utilization of 
best available technologies in steelmaking throughout 
the entire world. It has estimated the total global 
reduction at 0.3 tons per ton of steel output.[12] A 
simple calculation using steel output indicates that the 
world could cut 340 million tons in CO2 emissions 
against 1.14 billion tons in steel output in 2005. Given 
1.34 billion tons in global steel output in 2007, best 
available technologies for 2005 could reduce 400 
million tons in CO2 emissions in 2007 (Figure 13).
   The IEA has analyzed best available technologies 
and cited improvements in blast furnace operation 
technologies, coke oven gas recovery, coke dry 
quenching, blast furnace gas recovery improvements, 
blast furnace gas power generation efficiency 
improvements and rolling process improvements as 
particularly effective steelmaking technologies. 
E f f o r t s  b y  W o r l d  S t e e l 
Association 
    The World Steel Association consisting of about 180 
major steelmakers in the world (accounting for 75% 
of steel output in the world other than China and 20% 
of output in China) has proactively tackled the global 
warming problem. The association has advocated 
a global sectoral approach, citing the reduction of 
emissions per unit of steel production as a realistic 
measure.
   In October 2007, the association, then called the 
International Iron and Steel Institute, made comments 
as summarized as follows[13]:
・ Leaders of the world steel industry have endorsed 
a global approach as the best way to help address 
climate change, and will establish a globally 
common approach and conduct the collection and 
reporting of CO2 emissions data by major steel 
plants in the world.
・ Cap-and-trade policies are not effective in reducing 
CO2 emissions. Constraining production from the 
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Figure 13 : IEA-estimated Potential CO2 Emission Cuts by Best Available Technologies
Prepared by the STFC based on Reference[12]
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best emission performing plants is not the solution 
for a globally competitive steel industry.
・ An effective approach for the steel industry requires 
the participation of all major steel producing 
countries and a focus on improving emissions 
per unit of production. In the near term, the steel 
industry’s main contribution will be in the wider 
application of current best practice and technology. 
For the longer-term, the steel industry is investing in 
research on the development of breakthrough new 
steelmaking technologies.
    In line with such policy, the World Steel Association 
launched the collection of data in April 2008 in a bid 
to reduce CO2 emissions from steelmakers under the 
Global Steel Sectoral Approach (GSSA). 
F u t u r e  D i s c u s s i o n s  o n 
Global Warming and Sectoral 
Approaches 
   The year 2009 is important for deciding on a 
framework after the Kyoto Protocol to address global 
warming. Important meetings are scheduled for the 
year, including a conference of relevant countries in 
Bonn in June, Group of Eight summit in Italy and 
the COP15 meeting (the 15th conference of Parties 
to the UNFCCC) in Copenhagen in December. At 
the 2008 Toyako G8 summit, then Japanese Prime 
Minister Yasuo Fukuda in the Chair’s Summary said, 
“Sectoral approaches are useful tools among others for 
achieving national emission reduction objectives.” [14]
The usefulness of sectoral approaches as advocated 
by Japan should be recognized more and more in the 
world.
   Steelmakers at home and abroad have made efforts 
as discussed above. They emit massive CO2 and have 
no choice but to seriously address the emissions. As 
noted by the World Steel Association, steel products 
are traded widely in the world. Considerations 
should be given to preventing fair world trade in steel 
products from being distorted.
   The sectoral approaches to reduce CO2 emissions in 
major sectors by diffusing advanced technologies may 
be realistic and effective. At a time when technologies 
play a key role in preventing global warming, one of 
the globally common principles should be a framework 
for future emission reductions that should be designed 
to reward those trying to develop and improve 
technologies. This may stimulate further technology 
improvements. Such framework may encourage steel 
researchers and engineers to redouble efforts to reduce 
CO2 emissions from the steel industry. As well as 
short-term CO2 emission reductions by best available 
technologies, the long-term development of innovative 
steelmaking technologies is a mission that steelmakers 
in the world should mobilize their full resources 
to tackle as an ultimate solution. As an advanced 
steelmaking country, Japan has a great role to play in 
this respect.
    This report introduced steelmakers’ GHG emission 
reduction efforts and the sectoral approaches including 
the global sector specific approach as advocated by 
the World Steel Association. In the future, sectoral 
approaches may have to be analyzed as a framework 
for promoting technology development. 
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